the enzyme needed to hydrolyze starch, namely, an a-amylase. That property has been used to develop a fermentation process whereby C. tropicalis can be grown directly on corn or cassava powders so that the resultant mixture of biomass and residual corn or cassava contains about 20% protein, which represents a balanced diet for either animal fodder or human food. The fact that no extra enzymes are required to hydrolyze starch results in a particularly efficient way of improving the nutritional value of amylaceous products, through a single-step fermentation process.
Corn flour contains about 10% protein and 80% polysaccharide, mostly starch. When used for animal feeding it has to be supplemented with soya flour, which contains about 50% protein, so as to obtain a protein content in the final mixture of about 20% protein. Cassava contains mostly starch (70%) and even less protein than corn (3%); the rest is a poorly defined mixture originating from the ligneous part of the root (6) . An increased food value of these powders can be obtained by increasing their protein content through fermentation processes which use fungi (2, 12) .
The cultivation of a yeast such as Candida tropicalis on corn powder leads directly to a balanced feed. The growth of these microorganisms requires the assimilation of the polysaccharides (7) contained in these powders, and the resultant protein content increase ofthis product is due to the presence of the synthesized yeast biomass.
In this paper, we describe a process whereby a strain of C. tropicalis has been isolated which grows directly on starch (E. Azoulay, U.S. Patent application no. 4 ,081,557, 18 March 1978), resulting in the improvement of com or cassava for its direct utilization as animal feed.
MATERIALS AND METHODS Organism. Yeasts used were C. tropicalis CBS 6947, first described as C. tropicalis 101 (3) , and C. tropicalis CBS 6948, isolated by Azoulay (Azoulay, U.S. Patent application no. 4, 081, 557, 1978) (ii) Assay of the starch. Starch was first hydrolyzed with 0.5 M hydrochloric acid into reducing sugars (mainly D-glucose), the concentration of which was determined by the method of Bernfeld (1) with 3,5-dinitrosalicylic acid.
(iii) Amino acid analysis. Amino acids were analyzed by the UCAAB nutritional laboratories (France) on the desiccated and homogenized biomass harvested after growth with a Beckman auto-amino acid analyzer (model 116). The samples were prepared by hydrolyzing whole cells in 6 N HCI for 22 h at 110°C under vacuum.
Determination of the growth parameters. The yield with respect to the original amount of starch was calculated by dividing the resultant biomass by the amount of starch used up by the yeast. The amount of residual starch was estimated by the zero method described below. The amount of residual starch was estimated after acid hydrolysis by measurement of reducing sugars. The symbols and notations used are given in Table 1 .
Preparation of cell-free extracts. The yeast cells, grown on Merck soluble starch, were harvested at the end of the exponential phase and processed to obtain an enzymatic extract essentially by the method described by Gilewicz et al. (4), which was modified as follows: after being washed, the pellets were put in suspension again in a 0.05 M phosphate buffer (pH 7.0), centrifuged, and resuspended in the same buffer. After disruption in a French pressure cell at 10,000 lb/ in2, this suspension was centrifuged at 1,600 x g. The supernatant constituted the crude extract, and it was centrifuged at 27,000 x g for 10 min. The supernatant obtained was centrifuged at 220,000 x g for 90 min. The pellet obtained constituted the particular extract, and the supernatant was used as the supernatant extract.
Amylase assay. Amylase activity was measured in magnetically stirred reaction mixtures containing 2 ml of 1% soluble starch (Merck), 1 ml of 0.1 M sodium acetate buffer (pH 5.6), and 0.6 ml of water. After equilibration was reached in a water vessel maintained at 31°C, the reaction was initiated by adding 0.4 ml of appropriately diluted enzyme. One-milliliter samples were drawn at zero time and after 10 min of incubation. Accumulation of reducing sugars was estimated by the dinitrosalicylic acid method of Bernfeld (1) . An amylase activity unit was defined as the release of 1 ,umol of reducing sugar (as glucose) per min per mg of protein, determined by the method of Lowry et al. (10) . values giving the best growth were between 4.0 and 5.8. The two growth parameters (yield and rate) did not vary much with the substrate concentration in the growth medium, if the aeration conditions were good, up to a starch concentration of 10 g/liter. In the experimental conditions that permitted growth on soluble starch, we found that the growth medium prepared as already described (sterilization at 1100C for 1 h) contained only negligible quantities of glucose (less than 0.1%) which might be liberated by starch hydrolysis. It could therefore be concluded that this strain grows directly on starch and not on previously liberated hydrolysis products. It should however be noted that at the end of the growth, 25% of the initial starch had not been assimilated; this fraction could be determined after acid hydrolysis by measuring the reducing sugars.
RESULTS

Growth
For comparison purposes, we studied the growth of C. tropicalis CBS 6948 on starches other than Merck soluble starch, Zulkowsky type. The results (Table 2) show that the presence of reducing sugars in Prolabo soluble starch (France) or dextrine does not inhibit growth. However, in spite of their solubility, only 30% of the dextrines are assimilated by the yeast. This indicated that a fraction of the starch is not Development of C. tropicalis CBS 6948 on cassava powder. The cultures on cassava powder were made using powder suspensions of various concentrations which were previously sterilized at 110°C for 15 min.
(i) Batch cultures. The growth of C. tropicalis is possible on cassava concentrations ranging from 2 to 100 g/liter. The maximum specific growth rate obtained was 0.4/h, and the maximum productivity of batch culture attainable was estimated to be about 0.038 g of cells per liter per h. The changes in steady-state cell concentration were measured with various concentrations of cassava, at pH 5.0 and 32°C (Fig.  1) . The yield coefficient was determined as 0.55 g of cells per g of metabolized cassava starch. This result compares favorably with the yield coefficient of 0.50 g of cells per g of starch found with several microbial systems (14) . Only part of the starch is accessible to the amylases this yeast synthesizes. About 25% of the initial substrate remains nonassimilated.
In some experiments we replaced the suspensions of cassava powder in water with suspensions of cassava powder in 0.1 N sulfuric acid, sterilized at 110°C for 15 min. We confirmed that the suspensions containing soluble starch never had more than 0.1 to 0.2% of reducing sugars.
(ii) Continuous cultures. In this case, the cassava powder was used only as suspensions in water after sterilization at 110°C for 15 min, and, contrary to the batch culture experiments, no sulfuric acid was used in the suspension. In the final product the desired amount of protein should be relatively large, and at the same time the quality of protein in terms of its amino acid profile should be well balanced. The protein content of C. tropicalis grown on starch was about 45% (Table 4 ). In the enriched cassava, 5 to 6% of the proteins corresponded to the protein contained in the natural cassava, and the rest was made up by the yeasts. These results were thus consistent with the usual yields of fermentation on carbohydrates, where the yeast-starch yield is between 50 and 55% and the ratio of weight yield of protein/starch is thus near 1:3. In the fermentation of cassava, the loss of 40% of the starch therefore results in an increase of about 12% protein.
To confirm these results we studied the growth of C. tropicalis in continuous culture with high cassava concentrations (90 g/liter) and determined systematically the quantities of gelified cassava, solubilized substrate (starch or reducing sugar), and fermentation products at the end of the culture (42 h of growth). This made it possible to calculate the quantity of yeast resulting from the solubilized cassava and to determine the growth yields (Table 5) . From these measurements the quantity of product obtained after fermentation with C. tropicalis, which corresponds to the enriched cassava and the elementary yield (Y1"; Table 1 ) of the fermentation, can be determined; it was found to be equal to 0.6. (Table 6 ). Thus, it seems possible to enrich corn with high yields by varying only the dilution rate, D.
The analysis of the corn enriched in this way shows that the increase in the protein content parallels an appreciable enrichment in lysine and cystine (Table 7) .
Assay of the a-amylase synthesized by C. tropicalis CBS 6948 grown on starch. Preliminary studies showed that, in the conditions described in Materials and Methods, the crude extract catalyzed the transformation of starch to reducing sugars with a specific activity of about 25 units. This transformation was linear only during the first 10 min (Fig. 3) , and, at the end of the reaction, 50 to 60% of the starch was not hydrolyzed.
The enzymatic activity exhibited by the crude extract remained in the supernatant after centrifugation at 200,000 x g. This indicates that the amylase present in the cells of C. tropicalis is a soluble enzyme. Unlike some other microorganisms (11), C. tropicalis does not produce Uden (14) that yeasts can assimilate starches. In this study, a strain with a strong amylolytic activity (CBS 6948) was isolated from a low-activity population of C. tropicalis. The absence of genetic studies on C. tropicalis does not allow us to distinguish whether these colonies are mutant cells or not. However, the important proportion of colonies having a high amylolytic activity (about 10%) seems to indicate an inductional rather than a mutational phenomenon. Supporting this hypothesis is the fact that the amylolytic activity is found only in cell-free extracts prepared from cells grown on starch as substrate. This enzyme is thus a totally inducible one.
No amylolytic activity was found in the growth medium after removal of the cells. This and the presence of the activity in the cell-free extracts strongly indicate an intracellular localization for this enzyme rather than an extracellular one as was suggested by Spencer-Martins and van Uden (14) .
The isolated strain, CBS 6948, is able to grow on starch only when this substrate is soluble in water. Under these conditions, the growth yield was equivalent to those obtained with different sugars, particularly glucose. It probably grows at the expense of 1-4 polysaccharidic chains of the amylose type, with amylopectin representing the fraction of the starch that is not assimilated.
The interest in this strain lies in the fact that it can be used in enrichment processes of com or cassava powders. Consequently, it can replace the fungi used for the preparation of single-cell protein from these two substrates, mainly cassava (8, 14) . The ability of the yeast to grow is essentially linked to the fact that the com or cassava powders were previously sterilized at 110°C for 15 min. According to Leach et al. (9) , who studied the swelling and gelatinization of various starches, the sterilization leads to a more or less complete solubilization of the com or cassava starches. This soluble form of the starch is available for the growth of C. tropicalis in the same manner as Merck soluble starch. Besides, we have shown that this type of sterilization does not entail the formation of reducing sugars which could be used by this yeast for its growth. The enrichment of corn or cassava powders results, after fermentation with C. tropicalis CBS 6948, in an increase of 18 to 20% of the protein content. If we refer to the levels of lysine and methionine, the essential amino acids composition is relatively balanced. 
